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ABSTRACT

Methods of representing Forean and Chinese characters
are presented, using a limited numbter of keystrokes on a
standard kevboard. Various attempts have been made to find
the most efficient way to represent these characters such as
enureration methods, 16-bit <coding for Korean character
syllables, and the meaning and the sound method for Chirese
characters. Details of these are explained with a fkrief
introduction to some general properties of Korean and
Chinese characters currently used in Xorea.
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I. INIRODUCTION

The development <¢f computer and information processing ;{}T
has ccme to the stage of beinj able to handle ¥Xcrean ard i
Chinese character input and output. There is no proltlem in
information systems Zor the input and output of characters
from a standard Roman character keyboard, but the frroltlems t y
related tc ron-Roman characters from I/0 to software prob-
lems of language handling remairn almost unsolved. Until
recently the computer could not handle Korean or Chinese
characters efficiently. It was rot user friendly ard 3data ;
processing in Korea was imperfect and very unwieldv. Among ]

the problems, the biggest issue is how to enter 2,369 Kcrea:z
and 1,800 common Chinese characters from the standard Poaan
character keyboard.

buring the last few years, there have been great efforts
at universities, research institutes arnd manufacturers for
the development of good I/0 devices for £Korean characters.
In Korea, rnatural language processing, especially Xorean
language processing, 1is one of the essential elements for

the future of computer and information systens.

Tirst the properties of Xorean and Chinese characters
will te presented as an introduction for those unfarwiliar
with these characters. Then, the resolution power of CRT's
and dot matrix printers and their relation to the shape
characteristics (readability, asthetic quality, etc.) of 1
Korean and Chinese characters will be discussed. The -
methods which are developed for Korean and Chinese character
I/0 can te applied to other character sets, especially to
many ncn-Roman alphaletic character sets, nrot to mention
Chinese characters in China.

.................
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ITI. BACKGROOND »

A. PEOPERTIES ¢» KOREAN DOCUMENTS

Al gd S

Commecn documents in RXorea are usually written in a mixed
form utilizing Korean and Chinese characters. Minor use is
made cf Rcman script. The usage of each character set
depends on the kind cf document. In order to perform worid
processing efficiently in Korea, the simultaneous editing of
these characters is essential. Table I shows the use of
characters found for various types of documents. This data
is based on sampling rerformed expressly for this study. The ‘
following sources were in the sampling process to construct oY
Table I:

1. newspaper - Korean Daily Times, "3F Era"“, 16 )

September 1984 7
2. Jjournal - "National Security", June 1984 —
3. technical papers (A) - "COBOL 2rogramming", Tong-A ' -

publishing Co., 1978 ;iffj

4. technical papers (B) - "Introduction to Law", Beot ) &ﬂﬁ*ﬁ
Mcon Sa publishking Co., 1978 iflﬁﬁ

5. business papers - Korean Air lLines Co. : 1
Although the sample was taken from a single source for each
kind of document, it is the authors' view that the dccuments
selected are representative of the entire population of each

type.

B. CHARACTERISTICS COF ROREAN SCRIPT

The native Korean alphabet was introduced in 1446, after »
centuries of the use of a more cumbersome method (known as

IDU) to trarscribe Korean with Chinese characters. The set

10
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TABLE I
Proporticns of Written Characters

. — — ——— —— ————————— — — ——— - ————  —— — - —— ——— A —— ——————

' News- I Journal Technical pager { Business
—— paper | ________1___ __1___(3)__1_paper __
Roman ] | | | !

script | 1% ] 39 | 40% | 0% { 10%
Rorean I ‘ | | !

script 84% T76% | 55% |] 55% | 807
Chinese l , f 1
character 15% 21% 5% 457 | 10%

- ——— — —— —— — — —— — — ——— — - ——— ——— - — ————— - ——

* A;: Technical papers from western countries
: Traditional and historical papers

of 28 letters! (now Z4 letters) was designed by a group of
scholars commissioned by King Sejong (1419 - 1450), the
fourth RKing of the Yi dynasty. ‘

The Korean language and alphabet is spoken and written
ky an estimated 50 million ©people on the Korean fpeninsula
and its coastal islands. Many among the approximately éne
pillicn Koreans residing in Japan, China, and America still
speak and write the language [Ref. 9].

The Rorean alphabet currently used consists of 14 conso-
2 0 ¥4 A O R X 7 E m &) ani 19

nants (1 & £
vowels (F ® 4 A L L T ™ —~ _|). There are also 17

compound consonants (31 A LR L& EE 21 20 28 2A 28 EX 23 O]
d8 4A AA 2Z) and 11 compound vowels (H H 4l 3l 4 2 1 A
hall IL :{). The letters of the Kcrean alphLabet cannot be used
indepeniently but are used to build syllables. Each Xorean

character consists of two or three parts. The £first part

o ———— — — . ——— e e T

1A letter is an_element of a character. The character
consists of two or three letters. Letters in Korea are a set
of 14 consconants and 10 vowels.

11
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s must ke a consonant or compound consonant. There are 19

f letters that are ©possible for the first part of *the Xcrean
V character. They are typically consonants or compound ccnso- ’
nants (1 71 L. & L- 2 O ¥ 8 A A0 R X X 3 E I
EL). The second part of the Korea character is tyrically a .
vowel or compound vowel.There are 21 possiktle letters for
the second part of the Korean character (+ H F H 4 4 ) )
Aal L sk oy 4 T AR AT = 4 1), The trird
part of the Xorean character is optional and depends on the
character being depicted. The third part if presert, wmust
te a comnsonant or a compound consonant. There are 283 )
letters possible as the third part (7 133 WA L L% WA & &

27 20 24 BABE 25 O 078 BA A A o A X 7 E X 3B
2L) . This section has been summarized in Figure 2.1.

The Korean system of writing is called "Eangul". It is ’
"oshonetic" writing, like English, 1in the sense that the
symbcls represent sounds, that is, consonants and vowels.

Urlike English symbels, which are grouped directly into

words (e.g., ZE+ntg+l+i+s+h = English), ZXorean symbols are -]
first grcured by syllable (e.g., H+ta+n g+u+l = Har 7Jul) e
{Ref. 10]. . :fjﬂf

Korean symltols are written in syllabic groupings. An
enuneration method2 1is to ©put letters side by side as in ’ 1
WLONZCHN", But the RKorean langquage stacks the letters in most
characters. For exasmrle, "LONDON" would be written féL Eﬁl.

The simplest syllable is written with one consonant and one

vowel. When one writes the symbol for a vowel alone, one ’
must add the consonant symbol "_O ", which indiceces an
initial nute (which 1is closed as a consonant). In this
simple ccnsonant and vowel syllable, there are two types of o
arrangements; side-ty-side arrangement (e.g., 2Z}F) and y j

.. 2In an_ enumeraticp method letters are ©ovlaced side b X
51delor element by element using a set of "consonants an ) ‘
vowels. .

12




» . THE CHARACTERISTICS OF KOREAN CHARACTER

. THE KOREAN ALPHABET CONSISTS OF 24 BASIC LETTERSCELEMENTS):
14 CONSONANTS: TLE 208 AHXXRIEDS
10 VOMELS '+ F 131 U701
. EACH CONSONANT AND VOWEL CAN BE COMPOUNDED
. POSSIBLE COMPGUND CONSONANTS
T1IALX L CC 37120 21 @A 28 20 25 07 b B4 AA XX
. POSSIBLE COMPCUND VOMELS

WoBL 1 3 ik LW L T TH T

. EACH CHARACTER CAN BE DIVIDED INTO THREE PARTS ( FIRST

SOUND, MIDDLE SOUND. FINAL SOUND) OR TWO PARTS (FIRST AND

SECOND SOUND ).

« THE FIRST PART MUST CONSIST OF A CONSONANT OR A COMPOUND CONSONANT
THE SECOND PSRT MUST COMSIST OF A SINGLE OR A COMPOUND VOWEL
THE THIRD PART IS OPTIONAL. IF USED, IT MUST BE A CONSONANT.

+ THE FOLLOWING LETTERS CAN BE USED AS THE FIRST PART:

7 7N L CCC 2 068 B4 A A H X AX & 3 &6 0 &
19 LETTERS

. THE FOLLOWING LETTERS CAN BE USED AS THE SECOND PART:

FHEERI 443 H L IHL UTTITHTER - 1)
21 LETTERS
. THE FOLLOWING LETTERS CAN BE USED AS THE THIRD PART;
TN LLALEC2N 02k BA0THEL AAAKHEIRT
€ 0 & / 2B LETTERS

%. NUMBER OF POSSIBLE COMBINATIONS OF CHARACTER = 19#23#29 = 11,571
IN PRACTICE, ONLY ABOUT 2, 409 CHARACTERS ARE USED.

J— e e ———————— —

........

Figure 2.1 The Korean Alphabet.

13
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top-to-kottom arrangement (e.g., 1 ). The particular vowel

being written determines which arrangeaent is used.

Fepresenting these character syllables through a
computer creates a probtiem because each letter's (consorant
and vowel) shape can be different due to a regquirement that
each character be balanced, i.e., have the same size and
achieve a desired asthetic quality. For example, when __ is
placed to the left <¢f a vowel, the downward portion is
slanted: _Z_ (e.g., zF). W%hen it is placed on tof of the

vowel, the downward portion becomes straight: _1 (e.g.,

). As shown above, it is very difficult to apply thLese '

different shapes for a particular letter to a line prirter

and a tyrewriter. This problem will be discussed in detail

ir the £cllowing chagter. .
By mathematical calculation, the possible nuater of '

Rorean characters is 11,571 ( 19 * 21 * 29, It must be

noted through that «¢nly 2,369 characters are coamonly uased

[Ref. 8: p. 11]. e

C. CBHARACTERISTICS OF SINO-KOREAN CHARACTERS

Sino-Korean characters are Chinese characters used in _
Korea. They are different from those used in China. Koreans - i
refer to Chinese characters as Hanja. Chinese characters
have a lcng history, the earliest discovered writings having
teen dated from about 14 B.C.. In 199 A.D. during the Han
Dynasty, this was modified by Hsu Sheng (E&iﬁ, 30 - 124 ) in
his 1% - Volume paleographical work, Shuo-wen Chieh-tzu,
(83X A8 ¥) vwhich translates to the explanation of writing
and analysis of words. That work lists 9,353 <characters
under 540 radical entries. O0f this number, 364 are picto-
graphic, 125 simple idiographic, 1,167 compound idiographic
and 7,697 phonetic ccmpounds.

14
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The most complete collection, the Kang Hsi Dictionary
witli atout 50,000 characters was published in 1716, Since
1949, after the establishment of the Peoples Fepublic of
China, the Chinese government actively pursued 1lanqguage
reform until the Cultural Revolution, 1966-1976. The Chinese
government changed and simplified the characters from the
original [Ref. 5: p. 15].

The number of characters used commorly is from 1,007 to
3,000. Takle II [Ref. 1: p. 819] shows the frequency of

TABLE II
Frequency of Chinese Characters Used in Documents

. ——— — . ————— - —— - — - - — - — -

News- |Gereral Total News- General
papersjDocument||Documnant|papers |Document
(%) (%) (%) (chrs) | (chrs)
1st 10 chrs} 10.0 6.8 80 499 638
50 27.5 25.5 85 615 1717
109 38.9 36.1 90 781 292
290 55.4 51.0 95 1068 1353
500 79.0 73.5 96 1156 1479
1000 93. 1 829.0 97 1269 1€17
1500 97.4 95.0 °38 1421 1832
2000 38.7 97. 6 99 1661 2157
2500 98.9 99.4 100 287¢S 33238 ]
3000 99.8

* chrs: acronym of characters

Chinese characters used in typical docunments.

In 1972, the Korean ministry of Education suggested tlhrat
1,800 Chinese characters be learned and used for educational
purposes [Ref, 3]. 1In this study, the authors will restrict
themselves to that set of 1,800 chacacters. The Chinese
characters are called Hantzu in Chinese, Hanja in Korean,
and Kanji 1in Japanese. 1All @mean "Han Characters" (3{?{).

15




These characters are used exclusively in Chinese writings,

and irn combination with the Hangul (Korean) alptkabet ir

Korea and with tkte Kana Syllabaries in Japan. The
Sino-Korean (Hanja), in written form, is a combiraticn of
three nmajor elements: pictograns and ideograzs, and

phonograms [Ref. 5: p. 22].

In the next chapter ¢the perspective of a picture for
each character will e used because of both the complexitx
of ChLinese chracters and the ease of representation in the
computer. Each Chinese character has the meaning ard sourng,
for example, X means heaven and the sound is cheon. Also,
there are many characters which have different meanings Lut
the same scund, or the same meaning but different sounds.
In order to solve this problem there are several methols.

Appendix A [Ref. 5: p. 17) shows the evolutiorn of Chirese
characters.

16
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III. PROBLEMS OF EDITING KOREAN AND CHINESE SCRIPTS -

A. CURPRENT EDITING TECHNOLOGY

The current word frocessirg practice in Xorea is to type

Korean characters by the enumeration method, that is, input
letters (8 bit code: <consonant and vowel in segquence) and
output these letters as a <character syllable using a Korean

&— character conversion rrogram for Korean script. Appendix B8 .
»ﬂ shows the EBCDIC input codes currently used by FACOHY, and

[ Appendix C depicts MNLS (Mahawk Data Sciences) input codes

! used by IBM, To type Chinese characters the follcwing

' sequence is followed: -
# 1. Depressing a Chinese character function key.

2. Typing the scund character of a Chinese <character
using the enureration method.

3. Displaying all homornym (from 1 to 6J) characters
[Ref. 4: p. 34] that have the same sound. .

4. Selecting one character by using an index numkter, and N
entering the character to a bufier or file.

Machines dealing with Korean language data are currently
available from the 1IBM and FACOM corporations in Kcrea; -
IBM's Multistation 5550 (1984) and FACOM O0S IV(KEF) (1982)
are newly updated and well developed machines. These
machines still have several disadvantages in handling Xorean
and Chinese chkaracters:

1. A large amount of time is spent in character ccnver-
sion.

2. It is difficult to directly delete and insert records
in a file.

3. The word processing editor cannot recognize the char-
acters being edited before executing a character

17
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cenversion prcegram since only the enumerated letters

can te displayed.
l 4, The method of entering characters is inconvenient and o
regquires a tremendous amount of effort for Chirnese :
: characters.
i 5. One cannot ccrvert all Korean character syllatles
' into Chinese characters because there is not a ore to °
. one mapping.
6. Data communication 1is impossiltle since thkere are no

standard codes for Rorean and Chinese characters.

Appendices D and E <show the keyboard of 1I8M Multistation e
5550 [Ref. 8: p. 14] and FACCM OS IV(KEF) [Ref. 7: p. 48]

respectively.

B. USER RECUIREMENTS o ‘

Kost potential users have recognized that the computer

is essential 1in data processing and office automation. .

However, because of the above constraints, they are unsatis- . ;,”m;
factory for use with the Korean language. Some general user ]
requirements of computer researchers and manufacturers are ?:5?1
the follewing: RN
1. Users want to use Ko.ean language commands and ;":%
programs but there are no Korean language criented ‘ j
orerating systems or programmirg languages such as
COBCL, FORTRAN, Pascal, etc.
2. Users want to edit three kinds of characters simulta- o
neously and in a user friendly manner. 1
! 3. Users want to display and print out data without “
using a conversion program, as is Jone with the ;QETQ
* Kcrean alphabet because of time, memory space, ani ;. ‘
, inconvenience.

4., Nsers want to use interactive £files and database

Frocessing.

18
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In sumpation, they want to wuse compaters that handle three
) kinds of script in the same manner in which rfresent
“ computers do with the Roman alghabet.

C. PROBLENS OF REPRESENTATION OF THE THREE KINDS OF SCRIPTS
i Because of the characteristics of KXorean and Chinese

characters, the following problems occur:

1. Hecw can one enter 2,400 Korean characters and 1,809

‘ Chinese characters into a computer through a lirite?l
r— nunker of keystrokes.
»

2. How <can one develop the system program to Jirect
input and output withont using a conversion program.
3. How can the asthetic quality of display and output be
improved.
4. How can one increase the processing speed and reduce
the memory space for these character definitions.
There are other rroblems but the above problems are the
most significant. Amcng these problems the first one is the
most serious and significant problem, and consequently, the
authors will give it more attention in this study.

o ST T T T T Ty G ARG N o S A
! ’ . . .
i . ot e
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IV. POSSIBLE METHODS FOR KOREAN LANGUAGE DAT

PROCESSIKG

il

In order to solve the prcblems whichk were mentioned in
tLe previous chapter, the following methods are offered as

. possikle alternatives for Korean language data processing.

A. 8-BIT CODE FCR KOREAN ALPHABET

Since the Korean alphabet consists of only 24 letters

[; and Rorean language data can be expressed using only XKorean

characters without a serious problen. The enumeration

method, 1like +the Rcman alphabet, 1s the easiest way to

| represent Korean characters without <changing the bhardvare

b and the operating system. This method is not highly readable

| ard would require changes in the language which may not be
accerptable to users.

1. Using the Current Standard Keyboard

A program can be loaded which defines the 24 letter
Korean alphabet to a character gernerator instead of the
lower case Roman alphabet. All Korean alphabet elements and
the urper case FKoman alphabet <characters are then available - 4
through the standard Rowman character keyboard. with this
method the user can use a computer in a similar mranner as
the users who use tle Roman alphabet. In additior, well
developed hardware and software can be used without critical
problems. This method has been suggested by many grouvs of
people from the time when the Korean typewriter was first
developed. The only disadvantage is the breaking cf tradi-
tional custcm. To cagritalize on developed technology and fcr S
the ease of application, more study and research shoulid e
center o¢n user acceptability of the enumeration method.
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Figure 4.1 shows an example of hard «copy which uses a
graphic dot printer and a standard keylhoarl. Appenliix F

shows the load commard program for an ilternitive character

I &x0 0.) HiQ
LF Ol AF2 C4L 1 880 OL MLA Ot LL AP J12 072 1.4 i3 1ot
DLA CH ITR A O 21L C1O L4 7. ALD OF A4 AFZ C4 DN o+ 7. 2iY
o LI O,

Figure 4.1 Example Using Standard Kevboard.

generator for the Korean alphabet. This prograr can be
generated easily by the alternative character set elditcr,
and it loads the Korean alphabet to an alternative character

generator instead of tlie lower case of Roman alphatbet.
2. Using the Capital Letters as the Initial Letter

The ma jor difficulty with the ernumeration methcd is
foor readatility. Kcrean useis read a sSehtence seguentially
syllatle by syllable. 1In order to increase rcadapility, the
initial letter of each character can Le written as an upper
case letter to distinguish the syllable easily. Figure 4.2
shows the example using the capital letters and Appendix 3
represents the load command program for these letters. L
special mark or altered shape of each letter also can Le
applied to increase a readability when au enumeration acthod

is used.

- -l
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Tiérods Hia
Lr0J Al Ldr o0 Maslila ArLTi2 Orala thals

Maaln g AOrdic Diddd T A0l Lialee WF T2
01Dt

Fiqure 4.2 Example Using Capital Lletters.

B. 16~BIT CODE FOR THE THREE KINDS OF SCRIPT

There are various methods one can use to enter Xorean
and Chinese characters, but the 16-bit code is one Of the
tetter methods, since it can identify all possible Korean
and Chinese characters without wusing the erumeratior ethod
and a conversion program. The structure of this code will be

discussed briefly in the following subsection.

1. 16-Fkit Code fcr Xorean Script

PP LS P

As mentioned ltefore, a Korean character syllalle
consists of three parts:

1. 7irst sound; cne of 19 simple or 1oulrle cousonants.
2. Secord sound; cne of 21 sisple or compound vowels.
3. Thirld sound; «cne of 28 simple or compournd consonants

(optional).

Since the nugber of cach first, second, arnd third
letters is less than 32 letters, 5 bits are e¢nough to ilen-
tify eacli sound. A1l possible Korean characters can be 1den-
tified using 15 bits. Tie 1st bit of 1e hits is wus=i to
irdicate a Xorean character (ky a 0). The next 5 Lits are
used for the first sounld, the following 5 Ltits tor the
second sound, and the final 5 Lits tftor the third scuni.

Table II11 shows the structure of 16-bit cole for the Kcruarn
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character and Table 1V explains the 16-bit code for Xcrean
character. This code table is basically the same as the IB™
2-byte internal Korean character code [Ref. 6: p. 52]. The
orly difference is the arrangement. Some IBM codes represer*
three letters. This makes key tops (Zface of each key) nmcre
complex; for example, 00100 (one key top) represents -, H,
ard 1A values. The code suggested in Table TV reduces scme
of this complexity ty 1limiting the possible values to ro
more than two for each keytop. In contrast to the examfle
for IBM codes, the same code from Table IV represents ornly
one value. Appendix H represents the IEM 2-Lyte internal

TABLE III
Structure of 16-bit Code for Korean Script

{om=mmm= 1st Byte--—-—--- >‘< ——————— 2nd Byte------- >
{0 O O A R D D e
L __'__-1__l-_l-_l__l--l__l-_l__}__'__-'.-_'_-_l___'
<--1st sound--X--- Zn& sound--%4---3rd sound-->
S bits 5 bits I bits

* J: Korean character

Hangul code for the Kcrean character.

The suggested code has several advantages. First, it
is easy to sort the character order by its value since the
value of each letter is in the order of the Korean alphabet.
Secord, it can reduce the memory space for data bv using 2
bytes instead of 3 bytes for one character. Third, it is
possible to edit the character directly since it does not

need code conversicnh. Finally, since it <can easily

23
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recognize the code value of the Korean character, it helps a

Frogrammer when it is programmed.

TABLE IV
16-bit Code for Korean Script '
|5 bit] 1st_ | 2nd_ | 3rd_ |5 bit] 1st_ | 2nd_ | 3rd_ |
code |[sound |sound Jsound |code }sound |sound {sound
letter|letter|ietter letter|letter|letter
ooooc| I R BT Y Y N AR -
00001 = | 97 (w001 o | [ o
noote| 71 | F | a7 (1o010{ [ w | o1
00011 | A | A (10011 d | | ®
00100| L | | L [10700] e | - + | »
00101 | E | Lx {10101] TH | BA
no1ie| | | s [10110] A | TR
oo111)] © | e (0011 AR A | Ak
71000 e | 4 | - 110000 o {1 < o )
01001 & | | i 2 {1001 = | Tx
: ow10f | A 7 jrot00 == 0 A 0
+ 01011 | 4 | =a {1011 x | w | x
ke s1100f T Taw {11v00] 3 - N 3 '
o101y | = {10 e |- 4] E
2 EEEEI A | 2 |10 =T R
8 lomval w1 ax jimy s | %
o * Blank: Not used . 3
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2. 16-bit Code for Chinese Characters

There 1is no liwmitaticn 1in the number of usatle
Chinese characters, but statistics show that 1,P00-72,000
characters cover 98-99.8 percent of those which aprear in
newspapers and Jjournals (Tatle 1II). Currently there are
only two wavs to represent Chinese characters in Korea. One
method is comprised cf two steps. The first step is to
display all Chinese characters (synonym) whick have the same
sourd after entering the desired sound, and the second step
is to enter the Chinese character whichk 1is needed by the
user via an index number matched to that <character after
selecting it in the display. The other method is to convert
a Korear character to a Chinese character after typing a
Korean character as a unit of a word, which consists of two
or tLree characters.

The former is inconvenient and takes a long time to
edit. The latter has no flexibility ir that it is limited by
the programmed word ccdes. To solve the above prckblem and
simplify +the 1identification of each character using a
limited pumter of-keystrokes, a 16-bit code for Chinese
characters can be aprlied, Table V represents the structure
of 16-bit code for Chinese characters.

Chinese characters represent both meaning and
rhonetics to Xoreans. To simplify the code, all the
complete meaning and sound of the Chinese characters are not
needed. The Chinese characters are conposed of from ore to
five syllatles for meaning and one character for the sound.
Simplicity can be achieved by enployirj abbreviations or
acronyms for each part (meaning and sound). For example, a
Chinese character (_X_) has a mearing as "Hea-Ven" and sound
as cheon. In this case we use 4 of Hea, V of Ven, and C of

cheon as a cole for (%X.).
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TABLE Y ,
Structure of 16-bit Code for Chinese Characters .
<--I—--—1st Byte------- >‘< ------- 2nd Bvte------->
[ I T i | | | l i | l | | | | -
| 1 | | | 1 | ] i | | ] ] | ’
- e | o - —— - ————— - L ______________ ' ...............
<--1st 1gtter --1st letter——%-—1su lgtter-—)
1st meaning l 2nd meaning | 3rd meaning
character character character
* 1: Chinese character ’
But this method may result in duplicate ccdes for ’

different Chinese characters which mean another character
ard may have the same value as HVC. In order to eliminate
the ddplicate code and to wuse the 3 letter code whichk is
compatitle with the 16-bit Korean character code, the . ’
following characteristics of the sound and mearing of

Chinese characters are relevant: First, only 428 syllables L

are used to reprééent the sounds for all Chinese characters. .
R

That is, one sound can represent 1 to 60 Chinese characters. ’

Second, the frequency of Korean characters used for the

meaning and sound 1is irregular in distribution. More

specific, 20% of Korean characters are used to represeat the N

sound and meaning of 95% of Chinese characters [Ref. 11]. ]
As a result of analyzing the 1,800 sound characters

and 1,432 meaning characters used to represent the Chinese

characters, Table VI and Table VIII are derivel. Table VI

represents the number of Chinese characters whick hLave the ’

same first sound letter and the same second sound letter.

fTor examrle, 266 Chinese characters have the first souni

Ve
G tanaa a8 b

letter (_J_), 44 Chinese characters have (_J_) as a first

26
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TABLE VI .
Characters Baving Same 1st & 2nd Letter Sound

—— . — — ——  —— T ——— — — — — — - - T — "y —— - - —— - - - - - - —— -

1st letter
le%%gr ----------------------------------------------
Ticjcleloiy Ao X XIEYT| 3
"""" - | s4| 8{26] 17[{20{ 27| 62| 25| 41} 22{17|11| 27
ol R U2 6) el s{13{ 12{ & S| 11] 7{ 8] 2| 9
sroup{ E | {1 {9l | i | 1 i 1|
- N U U DUVIVEY DU DUVLJA DUDHUNE NP UV U P
""""" 3178 | T 1] w2f 12f sof 28f | | 7
T ettt e e :
Group| d 38 4 26] 12| 12 43 . 7({ 18
EREO N T
"""" 1§ 34 5{36] 13{18] 21| 28] 16| 28] 15{ 9|10| 24
U (SVSR BCT'Y R R R R T 1 S E B B Y -
creupl | A0 | U 4 U2 by U :
PRI R R
JETAS NS R A Y RS N R T SR R N ™S -
"""" T | 32| ] 61 5{16f 33| 4uj 22 22{ 18] S[ 4] 6 ool
A 6 13 -
GrZup -7:"- RN D R A A A S R R -—-Il T —-;
R e R s
st T2y ) 23 ) ) e
"""" ~ 1 200 1 s« | | "\ o] 2] 8y af 1} | 3
- AU U U U T e T T T s
Groupl | | 16{ 11 {733|78{ 194737\ 251 36| 18} {78
Suttotal [263[27}811105198|135|237]|265{224{122{41|53{148

- - —— — i —— P ———— — — ——— ——— — - —— - ——— ——— . —— W - - -

Total 1,800

—
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sounc letter and (___) as a 2nd sound letter. Ore aust rear-
range the sound acronym to thke 5 bit code sirce the distri-
tution of sound characters is 1irreqgular. Table VITI depicts

tLhe rearranged code value for acronym of the Chinese sound

character. :
TABLE VII
- S5-bit Code for the Acronym of Sound Character
A
| code | sound acronym | code | sound acronym |
; 00000 | 24 | 1000 [ A~
00001 | H | 10001 ok .
’ ________________________________ ——— e - ——— ——
00010 i 10010 o
| 00011 | F { 10011 . CARE
“o0100 [ a2 | 10100 . )
00101 | o . | 10101 | e T i
00110 | c | w0 =
“o0111 | @ 10111y o« :
1000 | 2 | 1w00| &
701001 | ¢ o | 101 & L
01010 | o e | 1010} & :
To1011 | e | 1011 | x
01100 | A | 11100 | E
01101 [ A | 1oy om
om0 | & | amw | &
Lo | 2 VThmngy T E T

In Table VII the second letter (_F , 3 , L , T , =)

describes all the group letters. For example, _F)

28
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represents _t+, H_, k , B, anda (_d); 4_, 4 =

- — — e

A, and (&) _L, of, M, ad, M, etc. also (2-)

reprecents _F, 4 _ group which assembles the first ccnso- .
nants at the left of the vowel. { z )

——

describes - , _T_,
and _—_ group which assembles the first consonants above the
vowel.

Since the frequencies of Korean character syllalles
representing Chinese <character's sound and meaning are
different, the frequency of Korean characters to represent
Chinese characters meaning is needed to be analyzed. dfter
analyzing the sampled 1,438 characters which are the first

and the second meaning characters, Table VIII is derived

whick shcws the number of times for a meaning character or a
group to be used.

The meaning acronym value to a 5-bit code from the
tasis of Table VIII can be reassigned. Table IXK shows the
reassigned 5-bit cocdes representing the acronym of the
meaning character. The same theory can be apgplied as in
mable VII when Table IX is derived. As the acronyr code is
rearranged, the progortion of the duplicate codes car be
reduced. As a result of applying these rearranged coies,
Table X car be produced which shows the proporticn of the
duplicate codes. Tre pure acronym code (Table IX) repre-
sents the acronym of a meaning and a sound character as a
first letter code of Korean characters (7 71 . £ cc © o

W AMo A ®XIA E X B; 19 possible conso-
nants), the arranged sound character acronym code (Tatle
VII), and the arranged sound and meaning character acronym
code (Takle VIII).

The reasons why some duplicate codes canndt be elim-
irated are: First, some Chinese characters have sirilar
meaning and sound which generates the same acronym code (22
among 1,800); and second, there are initially some Chinese

characters which have the same meaning sound ( 12 among ;“ﬁ
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TABLE VIII ;
Frequency of Meaning Character in Chinese Characters

o " - - - - B - . R At D - A - D = ——— —— = —— = -

2nd letter .
I T
1t Fgroup| 4 group | L group | Tgroup [—group|7oT
S VI R PUII PUR U TS SR BE i T R R
19| 42| 6 | 25{ s{22] 25 6] 6| 2713{ 9| 26| 30{ 236 !
T e 20 | | 2f | wj1y | 4 &f 23
O REEY BN S B Y RS B BT B2 B A T RS BT
©f 23] 9 | 12 [ | 24 2} 1| 171 1 i 1] 3} 103 |
cel v 32 b U 2 2 T T s '
& 10 6 s| = 7 10| | 2| 41 | 1] 28} 31] 107
o 3s{13 | 10 1| 3] 17y | 2f 21 | | 1 4j <3
MEAEREI RN EI RN .
wa{ 2{ 2 ( 0 {20 U U ) T e !
B IEIEREEAEIE R R RN ED R R
Al s U T s 2 T e T
o 28| 6 | 29] uj19] 15| 1| 2| 22]4] 2| 57| 55| 246 i
AR RS DS ‘
& 21 U U T T T ey e
X spe | el 3T T s T s T3 o
E IR I R I I R T
B R !
1 R B I e N S T S
F 132|222 1 Te| 7N D))l 2] re)es
301187 {(14931(70|143]1€]19 182‘8 171187]228} 1438 )

* 2nd letters having 10 are omitted for simplicity
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TABLE IX i }
5-bit Code for Acronym of Meaning Character :
|7y ast g2ma | . | st & 2md | -
code mearing acronym code meaning acronym o
“ood00 | {10000 | A "
“poo001 | . F | 1001 I
To0010 | A | ot ok
ECEAEN A E X NI S |
JCCECCH o ISCECT S S |
00101 i 10101 T
Too1t0 | e Trorto | T e T
To0111 | ! N T R .
BCECTCIN NN AEEC:L N S S ]
oo Mmoot R ]
01210 -0 11019 3
Totom | 2 | 1w E .
Te1100 | o oo {0 xm =
To1101 | g | 1o & .
To1110 | W T | s .
LN S N S EE R SN ;
oL
‘4

1,800 ). For these characters which have duplicate codes R
the users must apply the exception rule. Alternatively, the
meaning cf the character can te redefined to a synonym with
a different acronynm. For example, 1if the wrong horornymcus
Chinese character is displayed, the input operator nmay
select anotrter £form cf the homonym by keying in the £full
sound syllatles instead of the acronym. T
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TABLE X -
Proportior of Duplicate Code

o - ————— ——— ————— — ——— ———— = —— > = P P . - - —— = = —

Numker of | pure | Rearranjed | Rearrarged_ sound
character acIrcrynm sound cha- and meanlng -
code racter code| character code
———————————————————— ‘-—-——-——-———— - ——— —— - - - -
| 1,807 I 7.5% { 2.3% | 1.8% |

- ——— —— — —— - - — - —— ———— - —————— ————————

3. 1é-tit Code for Roman Alphabet and Symbols

In order to use the three mixed kinds of a character )
code, and simplify the I/O controller, and unify the word, ’
16-tit codes for the Roman alphabet and symbols should be
generated ty only one keystroke. For data communication and
for familiarity, adding only the default byte (00H) to ASCIT
code, 16-bit code for Roman alphabet, symbols, and control

characters can be defined. When one uses only Roman alphanu-
meric characters, one can easily convert this 1€-bit ccde to
ASCII ccde. Table XI shows the 16-bit <code for Foman

-r . PR »' ‘
. o

alphabet and symbols.

4. EKeyboard for 16-bit Coie

As it 1is mentioned in the previous chapter, the
tiggest issue is how to enter all Chinese characters, Korean 4
cLaracters, and the Foman alphabets with a simple keykoard. K
In order to implement the 16-bit code to keyboard, one woul? o
have to make the keystrokes which generates "1" or "0" as a
Chinese character function key (bit 1), three ©5-tit codes ’ 1
(00000-11111) for Chinese and Korean characters (bits 2-16) ‘ﬂ*i
and 16-tit code for Roman alphabet and syrkols. In this case
33 more keys than the common Roman alphabet keyloard are

.
A
v
I}
' ", . .
I SR AP
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TABLE XI
Structure of 16-bit Code for Roman Alphabet

- ——— —— - — - - - - —— — . - —— i ————

e 00H-==~=m—um- > === ASCII Value----- >
for Roman alphabet

needed. To reduce tie number of keys, one more function kev
can rte added for the Roman alrhabet which generates 16-bit
code as a 5-bit code key. However, the user identification
will ke complex because there must be 4 or 5 letters or each
key top. Tatle XII exrlains the 4 alternatives. Alternative
I includes 32 Roman alphabet on 5-bit key tops using a Rodan
alphaltet function key and Alternative 1II excludes Fouaan
alphaket on 5-bit key top. Alternative A uses the acronym of
sound and meaning characters and Alternative B usezs orly the
acronym of sound character for the sound ard @meaning
characters.

To select tte best one, the anthors can usce the
following criteria: flexibility of hardware and =software
design, hardware efficiency, ease of maintenance, systen
reliabilty, user characteristics, number of keystrokes,
mmber of duplicate ccdes, and complexity of recogrnizing a
certain keystroke [Ref. 2]. In the opinion of authors'
alternative II-B should be selected for the ease of explana-
tion and understarnding. By selecting Alternative II-B, a
user cah type the three characters simultaneously. For
example, to type "School is _Eth (dJak-kyo) in Korean an?
_Pi;i (Hak-kyo) in Chinese character", one can type directly

33
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TABLE XII
Leveled Letters on 32 Key Tops

Alternative I Alternative II
I-A I-B II-A II-B

Roman alphabet

First letter of Korean character
Seccnd letter of Korean character
Third letter of Korean character |
Acrcnym of Chinese sound character 4
Acronym of Chinese meaning character

legend:

0e 00 80 g0 ts e

NEWN

o ool
il only Rcman alphabets in the previous sentence withcut a )

‘ function key. Two syllables of "school" are formed from: In
Korean, the first syllable is "3$ " seiected from the fosi-
tion of first sound letter, "t " from the second sound posi-

‘I tion, " I" from the third position. The seconi syllable is

- ed

w1, A, Default". Tien, in Ckinese, press the Chinese char-

. .
Seda b

acter function key wkich generates " 1" as the first Lkit. The
first syllable is "Et" which is the acronym of first meaning
character and " %" which is the acronym of second reaning 1
character ard "E;" which is the acronym of sound character.
The second syllable is "3k i Iw, After typing Chinese T
characters, user must release the function key to type R
Korean characters. Talle XIII explains the above example. ]

As a result of the above example, the <computer
generates the following codes 1in hexadecimal: 03053(%),
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TABLE XIIX
Typing Procedures for Mixed Characters

Tc type "schocl, 3 i, B AR ", the following
procedures should be follwel:

1. Type "schocl”" by one keystroke for eaclk ctaracter
without a function kevy.

2. In Korean, to type "% 1w,
first, type " 8%, +, ",

second, tyre "7, 4, pDefault".

3. In Chinese, to type "_% ’f‘é", at first, press

(-] rY

the functicn key, then type nwH:, %, 3-w,

w8, i, dn (Table IX) since for "Zv,

the meaing is "9 &w and the sound is "E{", ard
for "M", the meaning is "¥ L and the sound

i waln,

] 0063 (c), 0068(h), 006F(0), OO06F({o), 006C(l), and 0 (Xorean
character), 11111(31), 00010(X*), 00901(¢(7); that is 9111
1100 0100 0001( 7C 41: %%y, 0 (Korean character), 00001 (1),
10010 (L), 00000 (Default); that is 2000 011) 0100 C000( 06
so: L ), and 1 (Chinese character), 021010(H%), 10100(%),
11110 (3-); that is 1010 1010 1001 1110( AA ©9E: ), ani
1(Chinese character), 11110(§;), 00010 (i), 1110(4); that

is 1111 1000 0101 1110( F8 SE: 4% ).

5. Cperating System for Input and Qutput

To apply the suggested system, it is reeded to rede-

sign the crerating system for input and output control.
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Plowchart of Input and Output Controller.
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Figure 4.3 shows the flowchart of irput and output contrcl.
First, tke input ard output controller has to distinguish
whetler the Chinese character function key is "O0" or "iv, A
flag register can be used for Chinese character finction
key. For example, if the flag is "1", then "1" is loaldel to
tLe first of the 16 bit register, and multiple S5S-bkit codes
are read until the register is full. If it is full, a char-
acter is displayed or the CRT, and the 16-bit code is sent
to a kuffer as data. Otherwise the flag is "0", and then
"On jc lcaded into tte register, and 5~bit codes are read
for a Korean character. A 16-bit code is used fcr a Toran
alptaket character c¢r a symbol code until the 16-Lit
register is full. If the 16-bit register is full, the iden-
tified character is displayed and sent to a buffer as data.
If the "stop edit?" ccndition showa in Fig 4.3 is "no", the
input and output cortroller makes a loop to read a cole,
displays a character and sends a character code to a tuffer.

This system will make the use of Korear language
commands and programs easier to use than those presently
available. To achieve the above goals, a compiler and inter-
preter, as well as the operating system will require rede-
signing. TLis system will require the complete rewriting of
all software currently used. The economic impact of this on
the Korean people will be enormous.

6. Desiqn Considerations for Character Generaticn

There are twc shapes of characters used in Kcrea:
Gothic (Figure 4.4) and Brush type (i.e., Ming style: Figure
4.5) [Rkef. 7: p. 384]. To dJenerate the above shapes of char-
acters, several methods of a character generation can be
considered. To select the best method for Korean and Chinese
characters, one can use the following five criteria: sreed,
space, quality, flexibilty, and cost. Speed is a dcultle

standard: speed of creation may range from a fev minutes to
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Figure 4.4 An Example of Gothkic Type.
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....................

Figure 4.5 Ap Example of Brush Type. e

a few hours, while speed of production slould jJo teycnil 1209

characters/sec depending on type size dand device rescliaticn. 2
Space refers to the average size ot the code for one ciar- -fli
acter as well as tte size of the internal butfers cften
nceded for decoding. Quality is proportional to the larzjest -]
dot matrix which can blc used to decode 4 character; it
siould nct be confused with the resolition ot  the outpat
device. For a given type size, the resolution sets the lefi- b
nition, that is the size of the Ddatrix to be used; jefirni-
tion, hence type size, 1is bounded by the ganality «cf the )
cod2. Flexibilty refers to the difrereunt autoaatic modifica- ' ]
tions which are supporteld by the code: scaliny, rotating, %
family variations (as going rrom lignht to Lolly. Zost is o
selfexplanatory [Ref. 12: p. 2u40]. ;Q;?
i: 38 .
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Cbviously the five criteria above are¢ rot indepen-
dent. Figure 4.6 shcws the interrelationship of criteria in
designing a character yencrator [Ref. 12: p. 241]. The most
desirable feature is indicated by the directior <c¢f the

arrow. Solid (resp. dotted) lines indicate ajreenert (resg.

—_ —_ —_—————
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Figure 4.6 Criteria in Designing a Character Generatcocr.

contrariety) between tlLe variation of tle factors. The
design of a digital character generator 1is aL engineer's
task whose goal is to strike the appropriate lalance Letween
the specifications for those five criteria combined with the
characteristics of the production levice, resolation ang
scarning, and the necessity of operating the correspording
creation station.

Table XIV [Ref. 12: p. 268) gives a summary of the
main characteristics of the coding methods that tle erngineer
can utilize [Ref. 12: p. 269]. As the characteristics of
Korearn and Chinese characters are compired to Table XIV, it

should te apparent that the Dbit 2ap methodl 15 the wmost




TABLE XIV ,
Comparative Table for Performance .
B B Buffer Peso-
Code  space space |Flex- |Video|lution )
Method (bits) (bits) |bilitylscan n QtyjSrci
Bit 2
map n 0 _ + + <50]_ +++
Run- k*n*log n
length n _ + ¢ <1004 _ ++
CLain- 2 ’
lirk 6%k*n n _ _ <100‘ _ +
JDiffe- .
renti- 6*k*n +
41 run|t(loJy n+c) n _ + <100 _ + "
lenjgth 2 ]
_ k*log n k *log n ’
Spli-= 2 n
2 L
Struc-] k'*log n n
tural 3
P s v nd
* _ty: Qualit
* §;é: gpeeﬂ Y ) ’ 1
legend: +: Good RS
-: Bad . . . g
b: The numer of rirth point in the character ]
c: A concstant taking care of bookkeeping PRI
n: The size of matrix . _—
k: The average number of rurs per matrix . o
line cr cdélumn (a number of the simplicity ’ <
of the character shapes: apg;oxlmately u
for Ecman body-text fonts, higher thath
10 for Chinesé characters
)
ﬁ
appropriate one for this application. It reduces code space f
and buffer space. It Las good video scan, high speed, and ) ]
highly readable 1low quality printing. nfortunately this ) )
method lacks flexibility. However for all the other afore- _f‘ -
mentioned reasons, the bit map method is conmmonly used for ;ﬁ
Korean ard Chinese characters. )
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Because of the <complexity of Korear and Chinese
characters, at least a 16 by 16 resolution is reguired for
Korean characters, and a 24 Lty 24 resolution for Chinese
characters. 32 by 32, 64 by 64, 80 by 80, 96 by 96, and 1238
ty 128 resoluticns are desiratble when muchk more Leauty is
requiredi arnd also when larger character sizes are tc be
produced. However, if these characters are displayed on a
CxT, with 32 by 32 resolution, with the size of each char-
acter 7-10 mm square, this should be sufficiert.

It is the authors' opinion that the less expensive
32 by 32 resolution CRT should be usel for softcory. The
reason fcr this is that the price of the memory comgpcrent
required to hold the character definitions is continually
getting less expensive. However stronjer motivation is that
high-speed and flexibility of +typing is then Grpossitle
[Ref. 1: p. 828]. IBM corporation uses 16 by 16 resolution
for Gothic and 24 by 24 for Brush type Korean character
syllatles [Fef. 8: p. 2]. FACOM corporation uses 3% Ly 30
dots for Korean and Chinese characters and 24 by 30 dots for
Foman altrhabet, symbcls, and Korean alphabet (letters) or a

laser printer [Ref. 7: p. 471. As cheaper dot matrix ard
laser printers find their way into the marketplace, the
quality of characters will becone less of an issue.

Presently there are few problems with the gquality of repre-
senting Korean characters that cannot be solved through the
additioral expenditure of money. For the Jdefinition of each
character, the authors have presented two alternatives;
software and hardware (character generator). In order to
increase speed and usability, a hardware-oriented character
generator is Dbest. If cost and flexibility are the
criterion, software-oriented character definition programs
are Letter.
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7. Merory Space for Character Definitiorn

To represent Xorean and Chinese characters, ane
needs to code 5,000 characters for a character definition:
(2,400 Korean characters; 1,800 Chinese characters; 800 user
definatle characters, BRoman alrhabet, or syabols). T£ one
uses a 24 kit by 24 kit matrix font size for each character,
at least 360 K bytes are required (3 byte * 24 * 5,009) for
ch.aracter definition and 128 K bytes are reguired (64 ¥ for
16 bit address * 2 byte for an address of character 3efini-
tion memory) for a look-up table., The total remory require-
ment is 488 K bytes.

A large memory space is required for the definition
of the characters., L[ata compression of these characters can
be considered for two different purposes: data transmission,
and computer storage and output. Here ore is mainly inter-
ested in the latter case, where the main point is the total
data amount to be stored. The method of data compressicn of
Chinese characters can be classified by using the method-
oloyy listed in Table XV TRef. 1: p. 820].

There is a problem associated with the enlargement
and alignment of character patterns. The clarity of a char-
acter derends on the size of the reproduction. If a large
size is required the resolution must be high. Otherwise,
stepwise zigzags appear which to some people are unbearaktle.
Therefore, all the patterns of different font sizes must be
stored. This is uneconomical. kReproducing different char-
acter sizes from the same data is desired. However, the
eniargement and shrinking of character patterns frcm a
single set of data is quite difficult, because, if the addi-
tion or the deletion of a bit by the interpolation is not
done properly, it has a negative influence on the asthetics.
In enlargement, the smoothness of an edge is particularly
important, while in shrinking the gap between strokes must

be carefully maintaired.



R N e~ - - -~ : - - o i e
T~ ~ — S e v v e e v

r, TABLE XV
L Varieties cf Data Compression M¥ethods
L page unit run-length coding
transgzission { . . .
character unit 4 ,two-dimensional
predictive coding

PI coding by scan line
| patterrn unit

dot pattern Jcoiing by m by n block
representation (pattern unit
- stroke ) checker board sanmplirnj
i“ rerresentation
; ccntour coor- lhexagonal board sampling
; megory dirate coding

reconstruction {ccntour fol-
lcwing coding

% mathematical equation
o for strokes
enlarge/shrink Lsynthesis from partial character
patterns

A comparative review of the options contained ir
Table XV with regard to determining memory size is very
difficult. This is lrecause the reguiremernts for character
print qualities are quite different depending on each

method. Simplicity in the hardware and software irplementa-

tion cf the compressicn and reconstruction of characters is

}
g

a very important consideration. Generally speaking high
. data coapression methods need complex hardware and lcnger
;- times for reconstruction. Therefore, the tradeoff to be
Ef considered is between the data compression ratio and the
® memory size., This rerresents the classic economic tradeoft
Vo retween the hardware/software cost with regard to the speed
b of character regeneration.
[
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Because the price of the memory component is
: Lecoring less expensive the high-speed simple reconstruction
method is preferred despite the necessarily large size
memory. Many commercial machines have adopted this concert,
and store the character dot patterns as they are without any
data conrression. For example, IBM machines use only a 12 by
24 font size for simple letters (Roman and Xorean alphatet
and symbols) instead of a 24 by 24 font [Ref. 8: p. 17].
The FACOM machines use the software definition of the second
level of Korean and Chinese characters which are not used
frequently for data ccmpression [Ref. 7: p. 12]. Because of
the reduction in the price of memory, the marketplace has
shifted towards proviling direct character storage, i.e. a
large memory, instead of utilizing data compression.
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ll V. EVALUATION OF SUGGESTZD METHODS

e ST S -

The principal protlems in current editing technology for
Chinese and Korean characters were dJetailed in Chapter III.
. Fundamentally, the problens cause user ircornverniernce,
t require lengthy input procedures, and resu1lt in coaplex

update requirements. The authors' suggested methods will
: solve most problems which are encountered in Xorean lanyjuage
, data processing. More research and development remain in the
following areas:

First, in an enumeration method, there is nc prcbhlen
except 1low readability to Koreans and the inabilitv to
represent Chinese characters. In this case, Chinese charac-
ters are ignored because Xorean language data can be repre-
sented through the use of onrnly Xorean characters without
sericus froblems. Low readability is caused by unfamiliarity
and the unbalanced shape of each letter when written ty an
enumeration method. Fith a minor change of shape of the
letters, this method will eliminate the above problens.

Second, the 16-rkit code for the three kinds of charac-

ters requires the consideration of the following fprotlenms:
1. The 32 key tops are coumplex since each key tof repre-
cents three or four letters and acronyms. One solu-
ticn to this froblem is to use 1lighted, <chkangealtle
L] key tops which represent only one letter or acronya
f at a moment according to the function keys and the
E order of keystrokes( i.e., 1st, 2nd, 3rd letter and
f acronym ).
k 2. The user must remember whether a letter to ke typeid
is the first, second, or third letter, and whether it
is an acronym of a sound or a meaning character.
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3. If a user does not know the meaning of a certain
Chirnese character to te typed, one must look up a
takle which shows all meanings and sounds of all
pcssible Chinese characters.

4. In typing Korean <characters which consist c£ orly
first and second 1letters, a user has to hit the
default key tc make a 16-bit code. 1Instead of seccnd
letter and default keys, one can use twenty one more
second letter keys which generate 10-bit code as the
second and third letters. Unfortunately, this will
make the keyboard more complex.

5. Lkegardless of the authors' analysis of sound ang
meaning characters and careful rearrangement of these
codes, duplicate codes still exist. This is because
of the irregularities caused by a natural evolution
cf sound and meaning characters for over 2,000 years.
Generally 3,000 or more Chinese characters will cause
duplicate codes to increaée proportionally. 1In order
to eiiminate the duplicate codes, the Korean language
cconittee needs to take measures to clarify the mean-
ings of the Chinese characters that cause duplicate
codes to exist. ]

Before the actual construction of the swggested systen,
an econoric (Cost/Benefit) analysis needs to be considered.
Given the r % discourt rate ard the various yearly costs and
Lenefits estimated by past data, Table XVI [Ref. 14] shows
the follcwing formula which can be used to derive the net
Fresent value of this project: This simply states that the
net present value (NEV) 1is equal to the sum of the differ-
ences tetween benefits (B) ard costs (C) in each vear (i) of
the rproject life (T), divided by the relevant factcr (r) for
that year. The current estimate of the market size for worid
Frocessing in Korea is $ 2.5 million annually (Korean Daily
Times, Sep 10 1934). But this estimate will ke in inverse
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TABLE XVI
NHet Fresent Value Formula

Net Present Value
Benefit

Cost

Each year
Project life
Relavent factor

3RO <

S0 00 4000 0a 00

proporticn to the price of the system and will be in direct
rroportion to the usefulness and the user-friendlirness until
maturaticn.

In the above formula, the market price of the svstenm
influences the benefits for manufacturers and ccsts for
users. This system is feasible when the net present values
are rositive for both manufacturers and users. If the
benefits for manufacturers and the costs for users are
constarnt in a system, the mair problems will be:

1. How to minimize the costs for manufacturers

2, How to maximize the benefits for users
To solve the above froblems, the best approach will te to
make n efficient and user friendly system for Korean
ianqguage data processing. This will increase the number (V)
of systems sold, and increase the individual productivity o=
the users,

There are many factors and constraints which cause high
cost in implementing this method. Among these, the following
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three factcrs affect the <cost performance ratio for Lotk
ranufacturers and users:

1. The initial design cost: For this system, an organi-
zation has to invest initially for the design of
akout 5,000 Xcrean and Chlinese character patterns,
and the systen software and hardware. As the nunter
of systems prcduced by a manufacturer is increased,
the unit cost of each system will be decreased as the

costs are spread over more units.

N)
.

Cost for character generator: As mentioned irn Chapter
IV, one reeds about 500 K bytes memory capacity for
these character definitions. The cost of memory is
decreasing and the speed is increasing as technologvy
is Lkeing develcred. This cost is an iritial cost to
users when buying a system.

3. Cost for hardcopy: One can consider three kinds of -
printer for hardcopy: dot matrix printer, ckain .
printer, and laser printer. It is not practical to ;;;:
use a chain printer for our systea since the chain ’ S
will be approximately twenty meters 1long ( 5,000 ; _.
character * 4 gm per each character) and it would be ji};i
prohibitively slow. Currently, dot matrix fprinters o
and laser printers cost more than chain printers, tut :
they are the only viable option.

Among the three kinds of cost, the third one is the most 7
serious since the cost of hardcopy is increasing as its use ; "%
increases. Recently laser printers have become more popular 1
for these characters because cf the good quality, high speed ..j
and decreasing price. Comparatively thouyh, 1laser printers N ?é
are still relatively expensive. o
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VI. RECOMMENDATION AND CONCLUSIOR

As the demand for data processing in Korea increases,
users will continue to encourter more and more prchiems in
utilizing the Korean 1larguage for data processing. The
current methods of convergence, display and select to imple-
ment the Korean language in data processing must only be
considered as interim measures due to their inefficient and
time consubing means cf data entry. In order to prevent tiis
rroblem from becoming more complicated due to the develcp-
ment of various new implementations forwarded by independent
research, a standardized system must be developed.

This study examined two possible solutions for using the
Korean language in data processing. The enumeration method
is technclogically feasible, inexpensive, easy to irmplement,
Eut could not be used@ for applications within +the Korean
data processing environment. This is because it results in a
textual form of Hangul that is unfamiliar to most Korean
peorle. Therefore the current enumeration method is not a
feasitle sclution to the Korean data processing problen.

The secord method examirned was based on a 16-fit ccde
representation of Korean, Chinese characters, and the Roman
alphaket. This methcd was found to possess all the advan-
tages currently realized by the EBCDIC or ASCIT code repre-
sentation of western countries. The only drawback to this
system 1is that it might not be cost effective based on
current technology. Hcwever, due to the rapid develorment of
hardware and software technology, a cost effective reans
should te available within the next few vears.

In order to accelerate the determination of a thorough
broad based solution to the Korean data processing rrotlen,

the Korean government must organize and charge a rnational

us
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level committee with the responrsibility for investigating

the prcblem and determining a viable solution. This study -
l with 1its proposal «c¢f a 16-bit character cole should be , '

frovided to that committee for further examination. This

proposal represents a concept that «could evertually lead to

a long term viable sclution to the data entry and processing
problems of using the Korean langquage,

A
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APPENDIX A

THE EVOLUTION OF CHINESE CHARACTEES

A =T

Ancient ,( a :’ m @ 'é' ’t‘ - ,F é‘ Ny
fmages ¢ b .

e B BT P f bem

T (Y R G T P A

‘(:.nrzuear(s' | A ,1., . \ c

ervat ) AU - S O s

BYM =R 2818 F

l CA AR BN RN ST

Y ¥ ¢

{5 5

¥ 3 ¥

23 a

T iy
~

6
3=

.
Hswo-t haan !
I}

{240-207
B
o 13

fe

-
e
My
2

<
w
m&m)ﬁnqncquJ@@g*ggQa

i T lk%" hgo

g

@] @ T
8 W o .= %
ooba | 7@ MHOH - I3
.abDout 260 J\ . . - . .
53¢ -4 D sbm“;i% fg ﬁ A >0 A
B : S N
P 5 f]”& T
Changes 1o 'LJ K &
eiter : PR _
Han Dvnasty s 3 [ R e
(atter A ’é’ o

A.D. ¢3%) 15 ‘L ﬁ‘ﬁ
1% ES

ri

v 1

LI B I
S T

i TR

THE EVOLUTION OF CHINESE CHARACTERS
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APPENDIX B
EBCDIC INEUT CODE
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IBM MUITISTATION 5550 KEYBOARD
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LOAD COMMAND PRCGRAM FOR CURRENT KEYBOARD

1Ca"Kkg")

1= »00;

1A% 00081422417F4141;
1"D"007C22212121221C:
1"E“00TF40407C40407F;
1"F"00TF40407C404040:
'HGR001E21404047211E
1%H"0041561617F614141;
1*I"003F08080808083€:
1%J%003E414141416413E;
1%P"007E4161TE404040;
1"9"0C3E416141454230;
1%0"007E6141TE©e4241;
1%S“003E41403E0.413E;
1*T*00TF0B80808)080808;
1%U"004614614141461413E;
1%4%0041414149695522;
1*Y"00412214082380808:
13" 00007F614161517F;
1"d»000010224141221C;
1%2400007F%04040407F;
1%¢#"*00CCTFQ21017F«QIF;
1*~5*%0000087F003E4T 3E:
1%%" 0000060808088 7F;
1%1%0000203E20203€20:
1Mo%IC00626252TEw262;
1"p"0000090909793909;
149" 000041 «17FG14L17F
1"r*060C7F010101C102;
1%s"0000«G404040407F;
1%t%2030080808142241;
1"y%0000011FC1011F01;
1"w"00007F0808142241;
1%,"000022222222221F;
1" 0608080808080008:
1*1%3G60818293R0F063¢;
1"¢m0021061860180601;
1%2"007E21213E21217¢;
1%C"00if21604G40211E;
1"J"J00EJ40404066433;
1*K*0064364C5850584C43;
1*L"0CsC6040404604C2F
1%"M"00415355649414141;
1"N"00461615169456341;
19vn0041412222161C08;

L e

1%1%0000080808080808:
1*m*000000000000007F;
1*n*00007F0808080808;
1*v®00007F2222222217F;
1*"x“00007F00TF40407F;
1%*z*30007F011F212204;
1=,%00r0000000302040;
1*.m300000450001818:
1*>%002018260106182¢C;
1°%°0000221¢7F1422:
1*°90000494977494977;
1%:%000005087FJ8035:;
1%:;20000097909397929:;
1"C"J0007F2222225546G;
1%3%0C007744444664646TT;
1%("*0000502010:
1*)*000E10107010100€E:
127002424 7C246T22424
1"$*000S3€48B3E093E98;
1200515234081 C2343;
1%£€%00050408:
1%¢*3C0422J0101010204:;
1*)%000CJ020002CO0CFF;
1%="301C020+04040201C;
1“+"0018120C001818;
1% -m30300C27F;
1%/77000022223£4695%949;
1%0"0C1022454351221C;
1%2%003C42010E304017F;
1%3"007FJ254GCEJ1413E;
1240006400 14247F0404;
1*S5%JC7F&407C412141 3¢ ;
1#£%J01E21607¢51211€E;
127" CO0TFC102040E1C2C:
1#3%003e41413F61413E;
1239303C<2533C9%1423C;
1®*="303C0C20J300C281C:
1*?%00386410€0822201238:;
13700262404
1®\"0000771111111122;
1®*2"0033666436454639;
1" _"0030CCG7FO07F:
1*°°"0041517F61495522;

S i Sl Aie s 2
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LOAD COMMAND PKCGRAM FOR CAPITAL LETTER KEYBOARD

1(a®leo™)

1% =00;
1%1%0000007F01010191020C;
1"¢*0D0000007F3314224141;
1*"$%000000082E483E993€03;
1"¥"3000000000TFQC22227F;
1#°v00000600000301818;
1",%00000039990579390529;
1*.%000000050525277D0052¢;
1"/n300CC0099975957393)9;
1"0"000C00057015255045465;
1".%00FF010121213191J131;
1%20007F61414616141461417F
1"3900TFI808142241615%151;
1%644007F0024242424624267F;
1570049694949 T7F4549«97F;
1"A"0000004040407E%20404C;
1®7"000C200G00380838037F;
1%3%00000000000C00207F;
1%9%00500051012101030579;
1%:%0C000001701121274141;
1"2%000C0C0CT754146141417F;
1"A"QGCJ000007F%060%06C 75 ;
1M3ANg0I00075151577+45-5727;
1"C®"000000007FI07F«04CTF:
1"N"*30000CO07FJ13031525C;
1%Z9000C001C00TFO8142241;
1"F"300000779915091122¢64;
1“L"00000077151575454577;
1"4"0000000077T1311716172;
1"23%00000000404040%0407F;
1"P"J000001CI0TFO03Ew]3E;
1"S*000000000408142241641
I"T"3020300C1212324 04347
1*v"003000367212122549549;
1W*3C0C000041+17F&16]TF;
1*x»0000000C1C224141221C;
1"Y"0C00000C7T10157563177;
1%2%000000007FJ1017F407F;
1%AnQ0C0C000b4CeFwlatsr e
1%a®J07F404040+04040607F:
1%c"Q07F00007F040405C7F;
I"4"Q07FJ1031013FI101C1D13
1"2"001C007FJ31622014141;

57

1*k"000000004644447C0bbb;
1*1%00000C01017F09091151:
1*m%000000007TF1416141414;
1*n"000000232023E8023E0202:
1%0%000000011111117F0101;
1"5"30000004046242T77C06J4;
1%3%00404040404C&C40507F;
1%Fr®"Q0C1030T7F0C1C2241221C
1"s?)C01320«081422%146141 ¢
1#t"3CTF26426243464444949473;
1"u%"200000000C164141414TF;
1005077400000 040404000060TT
1"w”00e14141617FX1414617F;
1"x"001C2241414141461221C;;
1*y®"00000040407C4CTC404C
1%-"007F01C1C17F&4040407F;
1#£%0000301030501010107C %
1" ("00000C7F32040E01413E;
1#)700000004¢0C1«24T7TF0404;
1*+"0000003C«2%13E30G4C7E,
1*1v0000001C22405%51211¢E:
1*y*0C0003CT7&05€51214132 ¢
1°°°0C0022147F1422
1me")3018130C00131¢:
1*-"0000J07F;
1*:%000003057F0808:
1%¢*000106185%0130601;
1%=%000CNC300003C0A10;
1*>"0020180460106182¢C:
172700 3E+1J£3608233338.
1%J%003fe14613F%141 3E;

1o 0030 &2«3303123C

121 ")0 34444430 4546139
1®mnaC1C224554G31221C
1®N*0028080808380C938;
13" C07F31323-331C230
1"P"30515204038102343;
1%C0*0G1020-0640C2010;
12\*309240464065:
1"3"300422510101C204;

1 _"J30N0IQTFCCTF;

1°°" 301417 F0l4&335922:

¢ - r




APPENDIX H )
IBM 2-EYTE INTEENAL HANGUL CODE
. Tty U3y & : s . . _
s UGy AT mede Teurtr. . c-oieg o - Ci.e
3000 | Pl aee zat S3e1 e -
onls 1 ERPS R
. Q01 n - i
1 ! 0 10v ; - . '
o 1 noul ! - 4 :
| ta1 G ' . : 4 ! -
_r“ nolit | z E ; "
~ ;
3 [FRRVIVIY] i & ] cestriltete} . |
uludl ' u | Restriltense] . :
01010 i oy | q a
} 01611l * i i & :
01100 - : | s | .
e 01101 : ‘; - @ ‘
01110 * | 4 & :
oLt = — n
{0000 * nestristede] -
10001 a Festrictensy = |
10010 E - ks g‘ Sl
10011 a - ] } .
10100 * T A
101061 Not Usels - N
10110 NCT iseae f “
10111 Not i'seds A -
Y 11000 Net Usea- Kestricteas| 2
11001 Het Useds] Festricted«] 2
11010 Not "sei1.] hid 3
11611 NOot ligea ] - -
11160 Not s sedswy 4 2
11lul Lot Useds] | -
11110 Not Used.2 not Useds3 NOU  sed sy
IR Restricted.| Not TCreasd Fiestriotegs |
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